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Human reaction to mouse immunoglobulin causes immune
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AET aminoethylisothiouronium bromide
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EBV Epstein Barr virus
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PMA phorbol myristate acetate
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SUMMARY

Evidence of antigen recognition and an anti-tumour
immune response has been sought in patients with breast
carcinoma since a lymphocytic infiltrate was first noted
in the primary tumours and found to correlate with an
improved prognosis 384,

A variety of methods have been used to study immune
competence but, with greater understanding of lymphocyte
function, a clearer picture can be obtained by analysing
the phenotypic proportions present in any lymphocyte
population.

The activation status of lymphocytes can also be deduced
from their expression of activation markers and
receptors, while the presence of surface IgG on the
membrane of B cells is indicative of a mature humoral

response.

The aims of this study were:

1) To seek evidence of antigen recognition and an

anti-tumour immune response in patients with breast

cancer.
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2) To assess the contribution of the axillary lymph
nodes to any humoral or cellular immune response and the
extent to which any response remains loco-regional at

the time of clinical presentation.

In this study, fluorescent monoclonal antibodies were
used to stain the phenotypic and activation markers and
flow cytometry was used to analyse the lymphocytes
harvested from the primary tumours of 31 patients, the
axillary lymph nodes of 40 patients and the peripheral
bloocd of 39 patient. These were analysed with regard to
the proportions of CD4+ helper T cells, CD8+
suppressor/cytotoxic T cells and B cells.

We also looked at the proportion of each cell type
carrying the activation marker HLA DR, the class II
major histocompatibility (MHC) antigen, and the
receptors for interleukin 2 (IL-2) and transferrin
(Trf). In the case of the B lymphocytes, we stained
surface membrane IgG.

These parameters were also studied on the lymph node and
peripheral blood lymphocytes of 7 control subjects
undergoing vascular surgery or organ donation.

The tumour cells themselves were stained for the
expression of the class I and class II MHC antigens and
for membrane bound IgG.

The phenotypic proportions and activation status of the

17



tumour infiltrating lymphocytes (TILs) were correlated
with the tumour cell expression of class I and class II
MHC antigens and with the common prognostic indicators
of tumour stage, histological tumour grade and ocestrogen
receptor status.

The composition and activation status of the lymph node
and peripheral blood lymphocytes were correlated with

tumour stage.

PRIMARY TUMOUR

TILs were found in 85% of the primary breast tumours
studied and, in 60%, the infiltrate was sufficient to
allow analysis of both the phenotypic and activation
markers.

T cells made up the bulk of the infiltrate with few B
cells. CD8+ suppressor/cytotoxic T cells predominated
overall, although CD4+ helper T cells were in the
majority in 7 tumours with a strong infiltrate. The
size of the CD8+ T cell population increased with
histological grade (p<0.05) and tumour cell expression
of the class I MHC complex (p<0.01).

A large proportion of the CD8+ T cells were found to
carry HLA DR and again this proportion increased with
histological grade (p=0.003) and the tumour cell

expression of both the class I and class II MHC

18



complexes (p<0.001). These findings suggest that
activated CD8+ suppressor/cytotoxic T cells are being
attracted by surface antigen, on poorly differentiated
tumours, when this is presented along with the class I
MHC complex. This latter is necessary for antigen
recognition by CD8+ T cells.

A similar pattern was seen with the CD4+ helper T cells
but to a slightly lesser degree.

However, a higher proportion of the CD4+ T cells than
CD8+ T cells bore the receptors for interleukin 2
(p<0.0001) and transferrin, suggesting there is greater
turnover or expansion of this cell type.

There appears therefore to be some evidence, within the
primary tumour, of the recognition of antigen and a

cellular immune response to it.

AXILLARY LYMPH NODES

Lymph nodes from breast cancer patients were found to be
large and engorged, with higher cell counts than nodes
from control subjects.

The nodes from patients with breast cancer had a higher
proportion of CD4+ helper T cells (p=0.003) with
CD4+/CD8+ T cell ratios ranging as high as 16:1 and
averaging 5:1 (p=0.02).

In the cancer nodes, a higher percentage of the T cells

19



bore HLA DR (p<0.0001) and, in the case of the CD8+ T
cells this correlated with tumour stage (p=0.02). This
again reinforces the association of this marker with the
direct interaction of CD8+ T cells with antigenic tumour
cells, in this instance, within nodal metastases.

The IL-2 receptor was present on a greater proportion of
the lymph node lymphocytes (LNLs) in the breast cancer
patients (p=0.006) and, as in the TILs, this receptor
was present on more CD4+ than CD8+ T cells,

Although the transferrin receptor was found on more
lymphocytes in the nodes of breast cancer patients this
was not statistically significant.

Almost double the number of B cells were found to carry
surface IgG in the breast cancer nodes as in the control
nodes (p=0.03).

There is evidence of helper T cell expansion and a
humoral immune response in the axillary lymph nodes of
patients with breast cancer. The CD8+ T cells appear

more activated in patients with nodal metastases.

PERIPHERAL BLOOD

Apart from a slightly smaller B cell population, there
was little difference in the phenotypic proportions of
peripheral blood from patients with breast carcinoma and

normal subjects.
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HLA DR was found on a much greater proportion of the T
cell population, of both phenotypes, in the peripheral
blood of breast cancer patients compared to controls
(p<0.0001).

While more of the CD8+ T cells in the blood of cancer
patients bore the IL-2 receptor (p<0.03), the increase
in the expression of this marker within the CD4+ T cell
population was even greater (p=0.006). And it was again
found on more CD4+ T cells than CD8+ T cells.

The cancer patients also had a larger I1gG bearing B cell
population (p=0.003) than the controls.

When the different lymphocyte sources were compared, the
axillary nodes were found to be the major site of the
CD4+ helper T cells (p<0.03) and the B cells (p<0.001)
while the primary tumour appeared to be the most
relevant source of the CD8+ suppressor/cytotoxic T cells
(p<0.001). Although the peripheral blood lymphocytes of
cancer patients showed some activation, when compared
with controls, the immune response still appeared to be
largely loco-regional at the time of presentation.

The peripheral blood was found to reflect the T cell
subset proportions (p<0.001) and the size of the IgG
bearing B cell population (p<0.001), within the axillary
nodes and analysis of peripheral blood might give some

indication of the immune status of the axillary nodes.
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HUMAN MONOCLONAL ANTIBODIES

In an attempt to characterize the IgG produced by the
nodal B cells, in many patients with breast cancer, we
tried to immortalize them using EBV transformation, cell
fusion or a combination of the two.

While we did detect some immunoglobulin binding on
sections of autologous tumour, we had no success in
producing human monoclonal antibodies and detailed study
of this humoral immune response was therefore not

possible.

CONCLUSION

This study provides some evidence of antigen recognition
and a loco-regional immune response, both cellular and
humoral, in many patients with breast carcinoma. This
is particularly evident in those patients with a
malignancy of high histological grade and tumour cell
expression of the class I major histoccmpatibility

complex.
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CHAPTER 1: INTRODUCTION AND AIMS

In mamillis saepe vidimus tumorem forma ac figura
cancro animalil exquisite consimilem. Nam
quemadmodum in isto pedes ex utraque parte sunt
corporis, ita in hoc morbo venae distenduntur, ac
figuram omnio similem cancro representant.

Galen: De Art. Curat. Ad Glaucon.

Lib. 2, Cap. 10

The term "Cancer" was coined by the Roman physician
Galen around the year 200 A.D. and was derived from his
description of locally advanced breast carcinoma in
which the radial congested skin veins around the tumour
appeared like the legs of a crab. From this time until
the second half of the nineteenth century cancer was
considered a systemic disease caused by melancholia, an
excess of black bile, for which there was no cure.

After this time the theory of breast cancer development
changed and it was thought that tumours began locally,
possibly due to obstruction or inflammation of a duct or
gland, and then spread in an orderly fashion, via
lymphatics, to the regional lymph nodes which acted as
filters and from there to other organs 442. Blood borne

metastases were not considered to contribute greatly to
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the spread of disease. It was upon these principles
that the rationale for radical mastectomy, as advocated
by Halsted 175, was based (Fig. 1). This theory of
cancer progression, and the surgical management it
endorsed, continued until the second half of this
century, since when it has been challenged, and once
again breast cancer is considered to be systemic quite
early in the disease process, though developing from a
local tumour rather than leading to one. The surgical
management has therefore also been challenged, both by
those who felt the morbidity of such radical surgery was
unacceptable and of little benefit and by those who
believed that the destruction of the axillary lymph
nodes might actually be detrimental if they were the

seat of an anti-tumour immune response.

One of the major arguements against the existence of an
anti-tumour immune response is that no definitive tumour
antigen has ever been identified and, as oncogenic
products are largely intracellular, there may not be any
surface antigen to be detected by the immune system.
Alternatively, the tumour growth and antigen
presentation may develop so slowly as to induce
tolerance in the host 351,

While tumours of viral origin are more frequent among

patients who are immunosuppressed, due to aquired immune
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Breast excised along with Pectoral muscles,
fascia, and all draining lymph nodes.

ﬂ94 The Halsted mastectomy was based on the principal that
breast cancer spread in a progressive fashion up through
the lymph node chains before any distant metastasis
occured.



deficiency syndrome (AIDS) or long term
immunosuppressive therapy after organ transplant, there
is no increase in the common malignancies such as breast

carcinoma 153, 327,

The possible existence of a host anti-tumour immune
response is, however, supported by the long term
survival of some patients known to have residual
malignant disease after therapy !3?3 or those who develop
recurrence, many years after the initial presentation,
during some time of great stress, such as bereavement,
which appears to depress the immune system 2°. 223, 372,
The question of whether or not patients with breast
cancer mount an immune response to their tumour is
important for three main reasons.

If some patients mount an effective immune response
against their tumours this could be expected to improve
their survival and therefore evidence of that immune
response might be an important prognostic indicator.
Secondly, the presence of a response and its anatomical
site would have to be considered when planning adjuvant
therapy which affects the immune system. If that
response were regionally based it would be destroyed by
loco-regional therapy such as surgery or radiotherapy
while a centralised immune response would be depressed

by cytotoxic chemotherapy.
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Lastly, if an effective immune response could be
identified and the mechanisms of it understood it might
be possible to enhance that response, where present, and
develop methods of immunotherapy or stimulation for

those patients not mounting a response.

1) To seek evidence of antigen recognition and an

immune response in patients with breast cancer.

This was done by studying the phenotypic subsets and
surface activation markers of lymphocytes infiltrating
the primary tumour of breast cancer patients and
correlating these results with the degree of tumour
differentiation, as represented by histological tumour
grade and oestrogen receptor status with tumour cell
expression of the class I and class II major
histocompatibility molecules which are required for the
presentation of antigenic material to the immune system
and with the stage of tumour spread.

The phenotypic and activation markers were also studied
on lymphocytes from the axillary lymph nodes and
peripheral blood of patients with breast cancer,

correlated with tumour stage and compared with lymph
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node and peripheral blood lymphocytes from normal

subjects.

2) To assess the contribution of the axillary lymph
nodes to any humoral or cellular immune response in
patients with breast cancer and the extent to which any
response remains loco-regional at the time of clinical

presentation.

The phenotypic subsets and surface activation markers on
lymphocytes from the primary tumours, axillary lymph
nodes and peripheral blood of individual patients with
breast carcinoma were compared to assess the relative
contribution of the axillary lymph nodes to any response
and to consider the effect on this of the current
management of breast cancer.

Correlation between the blood lymphocyte markers and
those in the other tissues was sought as a guide to the

immune status in the region of the tumour.
3) To consider the possibility of developing
immunotherapeutic approaches to the management of breast

cancer.

Based on the results of the above studies, potential

methods of immune enhancement were considered. In
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particular, the feasability of developing human
monoclonal antibodies from patients with breast cancer
were assessed as, if this were successful, it might
allow the isolation and study of tumour antigens and
provide useful tools for the diagnosis and therapy of

breast cancer.
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CHAPTER 2: EVIDENCE OF ANTIGEN PRESENTATION AND AN

IMMUNE RESPONSE IN PATIENTS WITH BREAST CANCER

INTRODUCTION

The initial question to be answered was whether any
patients with breast cancer show evidence of an immune
response against their tumours.

As no tumour specific antigens have been identified or
characterized, it has been suggested that there are no
membrane tumour antigens to be recognized by the immune
system and particular attention was therefore paid to
evidence of tumour antigenicity or antigen presentation
and recognition.

Lymphocytes from the axillary lymph nodes and peripheral
blood of patients with breast cancer were compared with
those obtained from normal subjects to demonstrate
whether the breast cancer patients showed evidence of

immune stimulation or suppression.

29



HISTORICAL REVIEW

HISTOLOGICAL STUDIES OF TUMOUR INFILTRATING LYMPHOCYTES

The first suggestion that cancer patients might mount an
immune response to their tumours came in the early years
of this century when Handley !30 found that the
spontaneous regression of malignant skin melanomata was
associated with a round cell infiltrate and Da Fano °¢,
from his animal studies, suggested that this
infiltration of tumours by plasma cells and lymphocytes
might represent an immune response as part of the host's
tumour defences. This theory was supported by MacCarty
& Mahle 203 who observed an improved survival among
patients suffering from gastric cancer who had an
inflammatory infiltrate in their tumours and
demonstrated a similar survival advantage in both breast
384 and colon cancer 24, This finding appeared to be
supported by the study of medullary carcinoma which has
a particularly good prognosis and often has a marked
lymphocytic infiltrate ¢34. 3. 48, 344, However, as
Richardson 341 pointed out, medullary tumours have a
better prognosis, even when the lymphocytic infiltrate
13 absent, due to their poor stroma formation and

consequent inability to form viable metastatic deposits.
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This was confirmed in the study by Ridolfi 344 when
patients with medullary carcinoma were found to have the
same 10 year survival rate rega:dless of whether or not
they had a prominent lymphocytic infiltrate although
this infiltrate was again associated with improved
survival in patients with non-medullary carcinoma.
Although the positive correlation between the presence
of an inflammatory tumour infiltrate and improved
survival was rather weak in these original studies,
interest in it continued and in the first half of this
century many studies were carried out looking at the
effect of this infiltrate on survival prognosis.
Eighteen studies looked at this phenomenon in breast
cancer patients and thirteen of these found an improved
survival rate among patients with an inflammatory
infiltrate in their tumours 384, 167, 35, 27, 197, 7.
177, 92, 94, 48, 434, 38, 344, while five groups found
no survival advantage for such patients o9. 237. v,
358, 139, Two of these latter even suggested that an
inflammatory infiltrate was associated with a poor
prognosis 353, 139,

Taking solid tumours as a whole, the great majority of
studies found the presence of an inflammatory infiltrate
to be associated with a better prognosis. Controversy
continued, however, over whether this infiltrate was

evidence of a host anti-tumour response ¢»4. 384, 123 or
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secondary to tumour necrosis which was in itself due to
other factors 167. 207. 99, Asg a prognostic factor,
inflammatory infiltrats did not appear to be as strong
as histological tumour grade or stage and so its
relevance remained unclear 45. 4s. 47, 73,

These early studies merely noted the presence or absence
of lymphocytes within the tumour, using conventional
haematoxylin and eosin stains, but were unable to

differentiate the cell types involved.

ANIMAL STUDIES

In an attempt to confirm the antigenicity of tumours and
the existence of an anti-tumour immune response, many
workers turned to animal models. The commonest
experimental tumours were those induced in female
C3H/HeN mice either chemically, using methylcholanthrene
to produce sarcomata !¢. 17. 18, 198, or virally, using
the mouse mammary tumour virus (MMTV) 250. 290,

In all these animal experiments, using chemically or
virally induced tumours, a host versus tumour immune
response was detected. After excision of the primary
tumour the animal was protected, to some degree, against
the establishment of a second inoculum of tumour cells

454, 291 and this protection was lost after splenectomy

32



17, Billingham et al 3! coined the term "adoptive
immunity", in their study of skin homografts, to
describe the continued function of lymphoid tissue or
cells after transfer from an immunized animal to an
unimmunized host. Adoptive immunity was shown to be
conferred by transferring lymphocytes or splenocytes
from a tumour immunized animal to a second host, prior
to a tumour challenge, resulting in the rejection of the
tumour 101, 4e7, 1°8, 141, 17, 18, The major flaw in
these animal studies was that the tumours were either
chemically or virally induced, which made them
particularly antigenic 31! and when they were compared
with truly spontaneous lesions it was notable that, in
the latter, there was little evidence of an immune
responsgse 34¢, 189, Indeed it appeared that the closer
conditions in these animal studies simulated the
situation in humans the less evidence there was of an

immune response to cancer 335,

DELAYED HYPERSENSITIVITY

The limited relevance of animal experiments caused a
return to the study of the human immune system and its
function in patients with breast carcinoma.

The most commonly used in vivo study of the immune
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system in breast cancer patients was the test of delayed
hypersensitivity. This was performed by injecting
intradermally either dinitrochlorobenzene (DNCB), or a
similar chemical irritant, to test de novo sensitization
279, 302, 349, 3°3, 447 or an extract of autologous
tumour to test specific hypersensitivity 3e. 37. 396, 4,
40, Those who used the first method detected no
difference between patients with breast cancer and
normal controls nor was any difference seen at different
stages of the disease apart from a reduced response in
patients who were terminally ill. In these patients,
Stein 392 found that tumour dissemination preceded
impairment of the patient's immune response, suggesting
it might be the cause rather than the result of the
impairment.

Studies in which autologous tumour was inoculated,
demonstrated a markedly greater response in tumour
patients than in those with benign lesions. Patients
with stage II disease also had a greater response
compared to stage I patients 3c. 39%6. 43, There was
disagreement, however, over whether or not this delayed
hypersensitivity reaction represented an advantageous
immune reaction associated with a good prognosis 40. 4

or was indicative of a poor prognosis 39¢,
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FUNCTIONAL IN VITRO STUDIES

BLASTOGENESIS ASSAYS

One of the standard in vitro assays of immunocompetence
was the blastogenesis assay. This assessed the ability
of the patient's lymphocytes to respond to mitogen
stimulation. The commonest mitogen used was
phytohaemagglutanin (PHA) and the uptake of tritiated
thymidine (3HT) by the cells was measured as an
indicator of cell turnover in response to it. The
majority of groups found the lymphoproliferative
response to PHA to be depressed in breast cancer
patients, particularly with advancing disease 1., 402,
302, 393, 447, 212, 272, 271, although two groups found
a greater response in breast cancer patients compared
with normal controls 128, 201, Fisher et al !.3 studied
lymph node lymphocytes from both patients and controls
and found no difference in the thymidine uptake before
stimulation with PHA, but found a wide variation between
patients and between nodes within the same patient.

This variability may explain some of the conflicting

results and the difficulty in interpreting them.
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CYTOTOXICITY ASSAYS

The vast majority of these were performed using the
chromium release assay whereby tumour cells are cultured
in medium containing chromiums! which is taken up by
them and later released upon destruction or damage of
the cells. This damage may be due either the cytotoxic
effect of the mononuclear cells under study or to
spontaneous cell death and therefore a control
preparation is used to assess the background signal.
Groups using this method to study tumour infiltrating
lymphocytes (TILs) have again produced conflicting
results with some showing evidence of specific
cytotoxicity 427, 24, 38e¢, while others found TILs to
have low levels of cytotoxicity against autologous
tumour 444. 15, These cytotoxicity assays have several
limitations. The indirect method of measuring cell
death makes it a rather crude assay in which small
variations in cytotoxicity are not detectable and the
spontaneous cell death among the tumour cells gives a
very high control reading. As breast cancer cells cycle
slowly and do not grow well in tissue culture it is
difficult to obtain large numbers of viable autologous

tumour cells containing the chromium.
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SURFACE MARKER EXPRESSION

PHENOTYPING

With greater understanding of the immune response and
the function of its component cells, interest has
developed in identifying the lymphocytes that might be
involved in any immune response being mounted by cancer
patients, including those with breast cancer. The
ability of T lymphocytes to rosette sheep red blood
cells (SRBCs) and the presence of surface immunoglobulin
on B lymphocytes was utilized in assessing the
proportions of these cells present within the tumour,
axillary lymph nodes and peripheral blood of breast
cancer patients. T cells were found to be the major
component of the tumour infiltrate !1°9. 1:0. 444,  Of
the groups who compared the peripheral blood of normal
controls and patients with breast cancer, two found no
alteration in the proportion of B and T cells, as
measured by these rosetting techniques !iec. 171, while
two others found a decrease in circulating T lymphocytes
with a concomitant increase in circulating B lymphocytes
222, 182, Eremin et al '1». 117 found a similar
alteration in the phenotypic proportions within the
axillary lymph nodes of breast cancer patients although

they found no alteration in the circulating blood
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lymphocytes. Other groups found no difference in the
circulating lymphocyte proportions between patients with
breast carcinoma and normal controls 171, 1382,
Tsakraklides et al 430 used the rosetting method to
compare the proportion of T and B lymphocytes in the
lymph nodes of patients with stage I and stage II breast
cancer and found an increase in the B cell population in
stage II disease.

Anti-sera against T and B lymphocytes were also used to
phenotype cells. Two studies used this method to study
the tumour infiltrating lymphocytes (TILs) and also
found T cells to predominate 374. 380, At this time it
was not possible to subdivide the T lymphocytes into the
functional helper or suppressor/cytotoxic subsets.

Since the development of monoclonal antibodies to the
surface markers of cell phenotype -+5, it has become
possible to compare the type of cells making up any
given lymphocyte population in both normal subjects and
cancer patients.

This new technology has been applied extensively to the
study of the TILs but little work has been done on the
peripheral blood or lymph node lymphocytes of breast
cancer patients. The studies of the tumour infiltrate
have confirmed that this consists largely of T
lymphocytes but there is controversy over the further

classification of these into subsets. While some
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studies show a predominance of CD4+ helper T cells 453,
le4, 193, 25, 7, 435, 233, 15, others show a
predominence of CD8+ suppressor/cytotoxic T cells 159,
<9, 32, 204, 261, 4060, 410, 476, 30, 24, 300,

One group compared the proportion of T and B lymphocytes
in lymph nodes from breast cancer patients and from
patients with non-malignant disease 52. 1In the latter
case, the nodes were excised because of hypertrophy or
infection and cannot truly be considered as controls.
Two groups used flow cytometry to compare the peripheral
blood and lymph node lymphocytes (LNLs) of patients with
breast cancer but did not include any normal controls
and when they found a large CD4+ helper T cell
population in the nodes were unable to clarify whether
this was due to the lymphocyte source or to the presence
of malignant disease 8%, 322,

Only two groups have compared the phenotypic proportions
of normal lymph nodes with those excised from patients
with breast cancer. KXhuri et al 224 used
immunohistochemical techniques and found an increase in
the CD8+ T cell population in the nodes from breast
cancer patients while Mantovani et al <7¢, using single
colour flow cytometry, found no alteration in the
phenotypic proportions. These studies were small, with
each containing fewer than ten patients.

Four studies have been carried out comparing the
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phenotypic composition of peripheral blood lymphocytes
(PBLs) from normal controls and patients with breast
cancer 2¢°, 260, 325, 27:, The last two of these
studies, utilised flow cytometry to study the phenotypic
and activation markers. Pattanapanyasat et al 3:° found
a greater proportion of CD8+ T lymphocytes in the blood
of breast cancer patients while the others found no
phenotypic alterations in early disease. McCluskey et
al 2¢5, however, did find a marked decrease in the
proportion of circulating CD4+ helper T cells in

patients with advanced breast cancer.

ACTIVATION MARKERS

Some groups have also studied the activation markers
present on the surface of lymphocytes in patients with
breast carcinoma. Studying TILs, Rowe & Beverley 3°o:,
Lwin et al ¢! and Ben-Ezra & Sheibani 25 found HLA DR
on a fairly large proportion of the lymphocytes within
the tumours while Whiteside et al 4:9. 4¢¢ found very
few HLA DR bearing cells. Lwin et al 2¢1 also found
Tac, the 55Kd component of the interleukin 2 receptor
(IL-2R) on 30% of TILs while other groups found few
cells with this receptor 4:°., ¢»o0. 410, 25,

Only one group compared the activation marker expression
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of (LNLs) in breast cancer patients and control
subjects. Mantovani et al 7?7z found more LNLs from
patients with stage I disease to be carrying HLA DR than
from control patients, while fewer lymphocytes from
patients with stage II disease carried this marker.
These differences, however, did not achieve statistical
significance. This group did not study the receptors
for IL-2 or transferrin (Trf), nor the expression of
surface immunoglobulin G (IgG) on lymph node B
lymphocytes.

Pattanapanyasat et al 2:5 and Mantovani et al 77:
studied the expression of HLA DR on the peripheral blood
lymphocytes of breast cancer patients and controls and
found a slight increase in the number of HLA DR bearing
cells in the breast cancer patients. Pattanapanyasat et
al 325 also studied the receptors for I1-2 and
transferrin but found no difference between the cancer
patients and controls.

Most of the studies of TILs were made using
immunohistochemical methods with a monoclonal primary
antibody to the phenotypic surface marker and subsequent
enzyme staining, predominantly peroxidase. The later
studies used immunofluorescent microscopy with directly
labelled monoclonal antibodies while the most recent
have used two colour immunofluorescent monoclonal

antibodies and flow cytometry.
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The use of flow cytometry to study the membrane bound
markers, of phenotype or activation, on TILs has been
applied to the study of other tumours such as malignant
skin melanoma 2¢9%. 73, eye melanoma 108, ovarian
carcinoma 18¢, hepatic tumours 407, oesophageal
carcinoma 4¢¢, and a selection of solid tumours 27:, 15,
Although these last two groups did include some breast
tumours, their numbers were fairly small and they did
not include activation markers in their studies.

By virtue of its ability to collect data on up to 10,000
cells, flow cytometry can make more statistically secure
observations without introducing observer error. The
use of propidium iodide to exclude dead cells from
analysis, avoids non-specific cytoplasmic staining which
can be mistaken for membrane staining in cells with a
large nucleus and little cytoplasm; such as breast
carcinoma cells.

A considerable advantage of flow cytometry is the
ability to carry out accurate double staining
experiments, allowing both the avoidance of cells
registering in more than one phenotypic subgroup and the
detection of surface activation markers as carried by
different cell phenotypes.

An advantage of immunohistochemistry, which is lost in
flow cytometry, is that the relationship of TILs to the

overall tumour architecture can be studied.
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PRESENT STUDY

In this study we analysed the lymphocytes from the
primary tumours of 31 patients, the axillary lymph nodes
of 40 patients and the peripheral blood of 39 patients
with regard to the proportions of CD4+ helper T cells,
CD8+ suppressor/cytotoxic T cells, and B cells. We also
looked at the proportion of each cell type carrying the
activation marker HLA DR, the receptors for interleukin
2 and transferrin and, in the case of the B lymphocytes,
surface membrane IgG. These parameters were also
studied on the lymph node and peripheral blood
lymphocytes of 7 control subjects undergoing wvascular
surgery or organ donation.

The tumour cells themselves were stained for the
expression of the class I and class II major
histocompatibility antigens and for membrane bound IgG.
The phenotypic proportions and activation status of the
tumour infiltrating lymphocytes were correlated with the
tumour cell expression of class I and class II MHC
antigens and with the common prognostic indicators of
tumour stage, histological tumour grade and ocestrogen
receptor status.

The composition and activation status of the lymph node
and peripheral blood lymphocytes were correlated with

tumour stage.
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METHODS

FLOW CYTOMETER

This study of lymphocytes from the tumour, regional
lymph nodes and peripheral blood of breast cancer
patients was performed by flow cytometry using a FACScan
analyser (Becton-Dickinson, Cowley, Oxford). This
cytometer does not have a cell sorting capacity but is
purely for the analysis of cell suspensions with regard
to cell size, granularity and the presence of
fluorochromes on or within the cell. It utilises a 15mW
Argon ion gas laser because 15mW is the level at which
the excitation of fluorochromes, conjugated to
monoclonal antibodies, reaches a plateau and higher
energy input brings little increase in the energy
emission from the fluorochrome. Due to its low power,
the laser can be air cooled and this allows its use as a
bench top instrument by the investigator involved in the
study rather than requiring both a purpose built room
and a committed operator. The laser is set at a fixed
wavelength of 488nm and therefore excites only
fluorochromes in the red-green spectrum. While this
limits the fluorochromes that can be used it makes the

machine more reliable and easier to operate.
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The cytometer measures and records up to five parameters
on each cell. The forward scatter of the laser light
(FSC) which, like a shadow, is related to cell size, the
90° side scatter (SSC), which is the light reflected
from the cell and is related to granularity and the
binding of up to three fluorochromes. The fluorochromes
used in this study were fluorescein isothiocyanate
(FITC) which emits in the green waveband from 480nm to
600nm, phycoerythrin (PE) which emits in the orange-red
waveband from 550nm to 640nm and propidium iodide (PI)
which emits at the strong red end of the spectrum from

550nm to 700nm.

FLUIDICS

The function of the fluidics system is to provide a
single file procession of cells through the viewing
orifice of the flow cell. This is achieved by creating
a laminar flow and driving the cells into a single
stream (Fig. 2).

The cell suspension under study is prepared as described
later, taking care to avoid contamination by cell debris
which might clog the machine. The cell suspension
(about 0.5ml) is placed in a cytometer tube (Falcon

2052) and pushed over the sample pipette which is held
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in place by a rubber grommet to give an airtight seal.
The pressure within the tube is increased slightly, by
pumping in air, and this propels the sample up into a
conical chamber in the flow cell assembly. Here it is
forced into a laminar flow by a stream of isotonic
sheath fluid driven under pressure from a tank
maintained at 4.5PSI by an air pump. The laminar flow
causes the cells to form a single stream as they leave
the conical chamber and enter the flow cell where they
are exposed to the argon-ion laser and their behaviour
in the laser light is recorded. The flow cell of the
FACScan analyser is a rectangular quartz cuvette with a
large internal cross-section of 180u by 430u to avoid
blockage by cell clumps or debris. After this the flow
of sheath fluid carries the cell sample round to a waste
tank. The stream of cells through the flow cell is
controlled by the speed of the sheath fluid. A flow
rate of 60ul/minute is used for the immunofluorescence
of cell-bound monoclonal antibodies while DNA studies

are carried out at the slower rate of 12ul/minute.

OPTICS

The argon ion laser beam is first passed through a

prismatic refracting beam expander and then through a
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lens, to produce a converging elliptical beam, 20u
vertically by 60u horizontally. This is focused on the
stream of cells in the flow chamber by a steering plate
and the behaviour of the cells within the laser light is
recorded (Fig. 3).

The forward passage of the beam is scattered by each
cell and this increases with size in a similar way to
the shadow of an object in normal, radiant light. This
forward scatter (FSC) is recorded on a silicon
photodiode lying in the path of the laser on the
opposite side of the flow chamber.

The reflection of the laser light from the cell
increases with granularity and this reflected light is
collected, along with the fluorescence, through a
condenser lens set at 90° to the laser beam. This is a
bi-convex lens which converts the scattered light and
fluorescence into parallel light.

The reflected light or side scatter (SSC) and the green
fluorescence (FL1) are separated from the red
fluorescence by a 22.5° dichroic mirror with a 560nm
edge which reflects longer wavelengths and transmits
shorter wavelengths. The red fluorescence is reflected
by this mirror while the green fluorescence and side
scattered light pass through it to be separated from
each other by a Brewster window. This is a quartz plate

set at an angle between 53° and 57° which reflects the
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side scattered light because it is polarized, while
allowing the green fluorescence to pass through without
loss.

The green fluorescence then continues through a band
pass filter with a wavelength of 530nm and width 30nm.
The red fluorescence, after being reflected by the first
dichroic mirror, is separated into strong-red (FL3) and
orange-red (FL2) wavebands by a second dichroic mirror,
this time set at 45° with a 640nm edge. The strong-red
fluorescence passes through this and through a long pass
filter of wavelength 640nm while the orange-red
fluorescence is reflected and passes through a band pass

filter with a wavelength of 585nm and width 42nm.

DETECTION AND DISPLAY

The side scatter (SSC) and fluorescent emissions of the
three fluorochromes are each detected by separate
photoelectric multipliers.

The photons enter the photoelectric cell and each photon
excites one electron which is reflected backwards and
forwards off alternate parallel cathode plates. These
carry an electric charge to accelerate the electrons and
so each electron that strikes the cathode causes the

emission of several more, thus leading to a great
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amplification of the original signal.

It can be seen from the emission wavebands of each
fluorochrome that there is considerable spectral overlap
between them (Fig. 4). This is of particular

importance between FITC (FL1) and PE (FL2) as these are
the fluorochromes conjugated to the cell surface marker
antibodies and are therefore among the parameters being
measured. This overlap of the FITC signal into the PE
channel and vice versa is therefore compensated
electronically, as is that between PE and PI.

The final signal for each parameter is in the form of an
analog electronic pulse which is converted to digital
data by an analog/digital converter to allow storage and
processing by the computer system. The data management
system is based on the HP310 computer (Hewlett—-Packard)
and this is connected to the cytometer by a parallel
interface (GP10). The software program utilised in this
study was FACScan Research which allows the collection
and storage of raw data from all five parameters in list
mode and display and analysis on a screen with 1024
channel resolution.

The limit of sensitivity is 1000 FITC equivalent
molecules per cell and, as the amount of fluorescence
borne on the surface of the cells varies widely, the
resultant range is displayed on a four decade log scale

to allow easier measurement and analysis.
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The preparation of cells for the flow cytometer and

analysis of the data obtained are outlined later.

SURFACE_MARKERS

PHENOTYPIC MARKERS

The lymphocytes were identified phenotypically using
combined "Simultest" preparations of two antibodies, one
conjugated with PE, the other with FITC (Becton
Dickinson, Oxford). This allowed the identification of
two phenotypes at the same time with those outwith these
subsets remaining unstained at the origin (Fig. 5).

The lymphocytes were phenotyped as B or T lymphocytes
using PE conjugated Leu 12 antibody to the CD19 antigen
on the surface of B cells and FITC conjugated Leu 4 to
the CD3 antigen on T cells. The T cells were further
phenotyped into their subsets using Leu 2a, conjugated
with PE, to the CD8B antigen to identify the
suppressor/cytotoxic T cells. It is not yet possible to
separate this subgroup further into suppressor cells and
cytotoxic cells.

The Leu 3a antibody, conjugated with FITC, was used to
identify the CD4 antigen on the helper T cells. As yet

there there does not appear to be a clear delineation,
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EigAS A coloured dot-plot showing the use of dual
immunofluorescence to analyse the phenotypic
proportions of alymphocyte population. In this
sample of lymph node lymphocytes, the CD4+ helper
T cells are stained with a PE conjugated antibody
and show up as red, the CD8+ suppressor/cytotoxic
T cells, stained with FITC, emit green fluorescence
while the unstained B cells remain at the origin.
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~ immunofluorescence to measure the proportion
of activated cells within any phenotypic subgroup.
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used to identify the CD4+ helperT cells and those
also bearing HLA DR are identified using a FITC
conjugated antibody. In the coloured dot-plot, the
cells carrying both red and green fluorochromes show
up as yellow.



as is seen in the murine system, between CD4 T cells
which provide help for B cells and those which stimulate
T cells. The use of these reagents allowed the
phenotypic proportions of B and T cells and the T cell
subsets to be measured.

When studying the activation marker expression within
each cell population the same antibodies to the cell
phenotypic markers were used but, in this case, they
were all conjugated with PE while the antibodies to the
activation markers were conjugated with FITC. Thus,
cells of the phenotype under study would be stained
orange-red and any of those bearing the activation
marker of interest would also be stained green by the
FITC conjugated antibody. On a coloured screen this

mixing of green and red results in yellow (Fig. 6).

ACTIVATION MARKERS

Class I major histocompatibility complex

To avoid confusion with tumour antigen we will refer
to the major histocompatibility (MHC) "complex" rather
than MHC "antigen'".

The class I MHC complex is made up of two polypeptide
chains. One of these traverses the cell membrane, is

glycosylated with a molecular weight of 45,000 and has
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three domains, alpha 1, alpha 2 and alpha 3. The other,
the beta-2 microglobulin, is not transmembranous, is
non-glycosylated and has a moleclular weight of 12,000.
The alpha 3 domain and beta-2 microglobulin form the
base of the complex near to the cell membrane while the
antigen presenting groove is constructed from the alpha
1 and alpha 2 domains on the heavy chain (Fig. 7). The
walls of the groove are formed from the side chains of
the alpha helices while the base is made up of the side
chains of the central beta strands on these alpha
domains 3 (Fig. 8).

CDB8+ suppressor/cytotoxic T cells can only recognize

and bind antigen in combination with this complex. This
combined recognition prevents the antigen receptors on
CDB8+ T cells from being blocked by free circulating
antigen, such as virus, and ensures the killing of
infected cells 16>, 1vé., cs, 184 (Fig. 9).

While benign breast lesions and medullary tumours appear
to have fairly uniform cell expression of the class I
MHC molecule 29¢., 463, some groups have demonstrated a
lack of class I MHC complexes on the cells of many
breast tumours 14s. 3%, I=. and as the immune system,
and in particular the CD8+ cells, can only recognize
antigen in the presence of this complex, its lack might
prevent the recognition of tumour antigen. We therefore

studied the expression of this marker on the tumour
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cells and correlated it with the degree and type of
immune reaction found within the tumours. This marker
was detected using the W6-32 antibody which was used
with a second goat anti-mouse antibody conjugated to

FITC.

HLA DR

HLA DR is the predominant antigen of the class II MHC
complex. The structure of this complex is less well
known but does appear to be similar to that of the class
I complex except that the four domains are arranged on
two polypeptide chains of similar size, both of which
are transmembranous in position ¢¢ (Fig. 10).

Antigen is recognized by CD4+ helper T cells when it is
presented in conjunction with this MHC complex in a
similar fashion to the recognition of antigen, in
conjunction with the class I MHC complex, by

suppressor /cytotoxic T cells (Fig. 11). The antigen
presenting cells inciude B cells and macrophages and
this complex is usually found on these cells 178, The
antigen presenting capability of B cells has been shown
to relate directly to the degree of HLA-DR expression on
their surface 471,

HLA-DR has also been demonstrated as a T cell activation
marker which is absent on resting T cells 338 but is

present on T cells stimulated by antigen, in mixed
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Fig. 11 cD4+ helper T cells are stimulated by antigen
presented along with the Class Il MHC structure
and they, in turn, stimulate macrophages and
B cells by secreting lymphokines. Activated CD8+
suppressor/cytotoxic T cells express the Class ||
structure and may present antigenic material
from cells they have destroyed.



lymphocyte cultures 32¢. 98, or mitogen 234, Although
its exact function on T cells is unknown, there is some
evidence to suggest it is involved in antigen
presentation as is the case with B cells 338, 32¢,

Some role in cell communication is also suggested by the
number of CD4+ helper T cells which bear this marker and
the finding that blocking the class II complex with a
specific antibody prevents activated cells from
responding to interleukin 1 3:°

In this study, therefore, it was used as a marker of T
cell activation along with antigen recognition and
presentation.

This complex has also been identified on certain
epithelial cells and the murine equivalent has been
found on the mammary glands of mice 3:. Studies of
renal graft rejection have shown a strong correlation
between rejection of the graft and the expression of
this complex on both the tubular epithelium of the graft
and the circulating T cells 1.1, ¢4, We therefore also
studied the expression of this complex on the tumour
cells and correlated this with parameters of the
intratumoral immune response.

The class 11 MHC complex was stained with a FITC

conjugated antibody to HLA DR from Becton Dickinson.

54



Interleukin 2 receptor

The receptor for the lymphokine interleukin 2 is
composed of two glycoprotein chains, an intermediate
affinity alpha chain with a molecular weight of 75,000
which transduces the signal into the cell ¢33, 41+, 347
and a beta chain of low affinity with a molecular weight
of 55,000 43¢, When combined, the affinity increases a
thousand fold because of kinetic cooperation between the
two chains. The 55,000 beta chain binds interleukin 2
briefly and then dissociates, which brings the IL-2 into
the plane of the membrane and allows the 75,000 alpha
chain to bind it (Fig. 12).

This chain binds and dissociates from IL-2 very slowly
and these cooperative kinetics create a very efficient
receptor :¢7. On antigen stimulated T cells the
expression of the low affinity beta chains is 5 to 10
fold greater than that of the intermediate affinity
chain. IL-2 binding to high affinity receptors
decreases their expression by 50%, but increases the
expression of the beta chain 10 to 20 fold 5387,
producing an excess of beta chains and allowing the
number of high affinity receptors to be controlled by
the number of alpha chains. This increase in beta
chains makes their presence a good guide to the increase
in IL-2 receptors after activation, antigen stimulation

or in the presence of IL-2.
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Interieukin-2 Receptor showing the kinetic
cooperation between the two chains. The 3 chain
binds the Interleukin-2 only briefly before
releasing it within the plane of the membrane

thus making it possible for the 3 chain to bind
it and transduce the signal into the cell



Expression of the interleukin 2 receptor increases after
stimulation, by mitogen or antigen, and IL-2 then
mediates the movement of the cell from Gl., to Gl ready
to enter the S phase of the cell cycle 28, The
expression of this marker precedes that of the Trf
receptor in actively dividing cells.

The anti Tac antibody detects CD-25, an antigenic
determinant on the beta chain of the IL-2 receptor and
this was therefore used as an activation marker on T
lymphocytes. Tac was also used as an activation marker
on B cells where it is expressed at about one third of
the level of T cell expression #°%,

Tac was stained with a FITC conjugated antibody to CD25

from Becton Dickinson.

Transferrin receptor

This receptor consists of a transmembranous glycoprotein
with a molecular weight of about 95,000, made up of 2
identical subunits bound by di-sulphide bonds.

Iron in its ferric form binds to transferrin (Trf) which
then binds to the Trf receptor. Ferric-transferrin is
then endocytosed on the receptor to an acidic,
non-lysosomal compartment where the iron is released
from the protein and transported across the cell
membrane into the cytoplasm. The Trf protein

(apo-transferrin) remains on the receptor and is
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recycled to the cell surface and released leaving the
receptor free again ¢17 (Fig. 13).

This receptor is poorly expressed on resting and well
differentiated cells but strongly in tissues with a high
proportion of dividing cells ¢.9, 47, or on mitogen
stimulated lymphocytes 37%¢. 145, 149 The changes in
the Trf receptor occur prior to DNA synthesis 8:I., ©8
with the peak just prior to cell division 7-. This
increase in Trf receptors prior to cell division is due
to the increased need for intracellular iron, required
by the enzyme ribonucleotide reductase which is involved
in RNA transcription.

These receptors appear on cells passing from late Gl
phase through S phase to cell division after cell
stimulation, the appearance of IL-2 receptors 3¢i, and
stimulation by IL-2 !9,

We studied this marker on the lymphocytes of patients
with breast cancer and normal subjects to see if there
was increased turnover of these cells in the cancer
patients. This marker was stained using a FITC
conjugated anti-CD71 monoclonal antibody from Becton

Dickinson.

Membrane immunoglobulin G

Immunoglobulin M (IgM) appears in the initial stages of

a primary humoral immune response but is poly-valent and
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membrane, the Receptor and Transferrin are
re-cycled to the surface.



of fairly low affinity. After isotype switching and
affinity maturation IgG is produced. This bi-valent
immunoglobulin is of much higher affinity and it is this
immunoglobulin class which appears during the mature
secondary immune response 3°1 (Fig. 14). Production of
IgG may also continue in the presence of chronic antigen
although in some cases, when patients develop
hyperimmunity, the isotype switching continues until IgE
is produced. We therefore used the expression of
surface membrane IgG as an indicator of a mature humoral
immune response. This was stained with a Dako rabbit
F(ab), anti-human IgG, conjugated with FITC.

Artifactual detection of monocytes binding IgG to their
Fc receptors 4v4 was avoided by the double staining of B

lymphocytes with the PE conjugated anti-CD19 antibody.

PATIENTS AND SAMPLES

Samples of primary tumour, axillary lymph nodes and
peripheral blood, or all three, were obtained from 46
patients undergoing definitive surgery for breast
carcinoma and seven control patients, five of whom were
undergoing aortic bifurcation graft surgery while two
were cadaveric organ donors. Two of the control

subjects were female and five were male, Wwith an average
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initial antigen exposure, 1gG secretion follows within
a few days and it is this latter which is the major
immunoglobulin secreted during a secondary immune

response.



age of 48 years, while all of the breast cancer patients
were female and the average age was 61 years.

None of the patients with breast cancer had received
preoperative cytotoxic, endocrine or radiotherapy and
there was no evidence, in either group, of concomitant
disease or therapy which might cause immune stimulation
or depression.

The samples were collected aseptically in the operating
theatre and later processed in a laminar flow hood.
Preoviding this would not compromise the amount of tissue
available for routine investigations, a central slice,
representative of the tumour as a whole, was taken. The
remainder was sent to the Western Infirmary department
of pathology for routine histology and grading ¢7, and
to the biochemistry department for ocestrogen receptor
assay by the ligand binding method <¢*:<. The lymph nodes
collected were bisected and while one half was processed
for this study, the other was also sent for routine
histological staging. 10ml of peripheral venous blood
was taken during the operative procedure and collected
in potassium ethylene diamine tetra-acetic acid (EDTA)

tubes.

59



CELL HARVESTING

BREAST TUMOUR SAMPLES

Tumour samples were collected from 31 patients. 29 of
these subsequently proved to have invasive ductal breast
carcinoma while two had lobular breast carcinoma. The
tumour samples were washed in a petri dish containing
RPMI 1640 medium and, after trimming away any fat, the
sample was transferred to another petri dish and
mechanically disaggregated using a scalpel and needle to
tease apart the tumour tissue and release the cells into
the medium. The spilled cells were pipetted off,
washed, resuspended in freezing medium consisting of 10%
dimethylsulphoxide (DMSO) and 90% foetal calf serum
(FCS) and stored in liquid nitrogen.

No attempt was made to separate the tumour infiltrating
lymphocytes (TILs) from the tumour cells as many would
be lost and this might distort the proportions of
various mononuclear cells present within the infiltrate.
Surface marker analysis was performed only on cells
spilled mechanically from the tumours because a lengthy
incubation in collagenase might allow changes to occur
in the membrane markers ¢:9. 277 and preparation was
carried out shortly after receipt of the samples to

minimise turnover of the membrane receptors.
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A similar method was applied to 6 normal breast tissue
samples obtained at the time of reduction mammoplasty
but few cells were harvested and very few lymphocytes
seen. It was not practicable to analyse so few cells by
flow cytometry and reasonable cell numbers could only be
achieved after at least two weeks in culture. This was
not comparable with fresh samples and therefore, no
contrecl lymphocytes were available from normal breast
tissue for comparison with the TILs. Benign lesions
could not be used as controls in this study because all
of the lesion must be submitted for frozen section
histology to exclude malignant disease and, while this
would have allowed study of these lesions using
immunohistochemical techniques, it meant there was no
fresh tissue available for flow cytometric analysis.
This is an advantage which remains with
immunohistochemical analysis which can be performed on

sections cut from the original frozen block.

LYMPH NODE LYMPHOCYTES

Lymph node samples were obtained from 40 patients
undergoing definitive surgery for breast cancer which
included excision sampling of the ipsilateral axillary

lymph nodes. 1Iliac lymph nodes were collected from 7
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normal controls consisting of 2 cadaveric kidney donors
and 5 patients undergoing aortic bifurcation vascular
surgery. The cells were released from the nodes by
teasing them apart with a scalpel and needle. The
lymphocytes were isolated from the lymph node suspension
by layering this over an equal volume of Ficoll Hypaque
(Pharmacia) and centrifuging at 500 G for 20 minutes.
The lymphocytes were removed from the interface by
careful pipetting, minimising the contamination by
Ficoll or RPMI medium °7. The lymphocytes, thus
obtained, were then washed, resuspended in freezing
medium and stored in liquid nitrogen until they could be
analysed on the flow cytometer.

All samples were processed as quickly as possible to
avoid turnover or any major alteration in the membrane

receptors.

PERIPHERAL BLOOD

10ml of peripheral venous blood was obtained from 39
patients with breast carcinoma and 7 control patients,
during surgery, and collected in potassium EDTA tubes.
The blood was diluted with 10ml of RPMI medium and this
cell suspension was gently layered over 10ml of Ficoll

Hypaque (Pharmacia) and the lymphocytes obtained by
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density gradient separation. These lymphocytes were
also washed and resuspended in freezing medium to be
stored in liquid nitrogen for later analysis on the flow

cytometer.

FLOW CYTOMETRY

STAINING OF CELLS

The basic method of cell staining and preparation was
the same regardless of whether the lymphocyte sample was
from the primary tumour, lymph nodes or peripheral
blood.

The cell samples were gquickly thawed, in a water bath at
37°'C, to avoid damage by ice crystal formation within
the cells. The cells were washed twice in filtered
phosphate buffered saline (PBS) and resuspended at a
cell density of approximately 2 X 10" cells/ml. 50ul of
this cell suspension was placed into each of fourteen
flow cytometry test tubes (Falcon 2052) and monoclonal
antibodies, to the phenotypic and activation membrane
markers on the cells, were then added (Table 1). Apart
from the W6 32 antibody to the class I MHC antigen,
these antibodies were directly conjugated with

fluoroisothiocyanate (FITC) or phycoerythrin (PE) which
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TABLE 1. Monoclonal antibodies used in this study.

Antibody
IgG1-FITC + IgG2a-PE

Leucogate
(Anti-CD 45 + Anti-CD14)

Simultest (Phenotvpe analysis)
Ant-Leu 2a PE
Anti-Leu 3a FITC

Anti-Leu 4 FITC
Anti-Leu 12 PE

Activation analysis
Anti-Leu 2a PE
Ant-Leu 3a PE
Anti-Leu 12 PE

Anti-HLA DR FITC

Anti -CD-25 FITC
Anti-Transferrin receptor FITC
Anti-Human IgG FITC

Tumour cell analysis
W6 32 antibody with goat

anti-mouse 2Y antibody
Antu-HLA DR FITC

Anti-Human IgG FITC

Predominant Reactivity.
Irrelevant antibody as control.

Analysis of leucocyte subpopulations
(lymphocytes, monocytes, neutrophils).

Suppressor/cytotoxic T lymphocytes.
Helper T lymphocytes.

T lymphocytes.
B lymphocytes.

Suppressor/cytotoxic T lymphocytes.
Helper T lymphocytes.
B lymphocytes.

HLA DR, the Class I MHC antigen.
Interleukin 2 receptor, (Tac).
Transferrin receptor.

Membrane bound IgG on B lymphocytes.

Tumour cell expression of the Class I major
histocompatibility antigen.
Tumour expression of the Class I1 MHC

antigen.
IgG bound to the membrane of the tumour

cells.



emit green and orange-red fluorescence respectively and
were supplied by Becton Dickinson, Cowley, Oxford.
After addition of the antibodies, the tubes were
agitated on a vortex and incubated for twenty minutes.
This was carried out in the dark to prevent bleaching
of the PE. To avoid capping and internalisation of the
antibody/antigen complexes, 0.02% w/v sodium azide was
added and the tubes were kept on ice. After

incubation with the fluorescent antibodies, the cells
were washed and resuspended in filtered PBS. Propidium
iodide was added to each tube to a final concentration
of 2ug/ml, to allow the identification and exclusion of
dead cells from the analysis. The cell samples were
then run through the flow cytometer and data on 5000

live cells collected.

LIVE COLLECTION GATES

The size and granularity of cells affect the forward and
side scatter of laser light from them and these
properties can be used to differentiate between
lymphocytes, monocytes and neutrophils. In this study a
gate was drawn around the lymphocyte populatiion to
exclude the other cell types and collect data only on

lymphocytes (Fig. 15).
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A further gate was set to exclude dead or damaged cells
which have strong red fluorescence (FL3) due to the
uptake of propidium jiodide, through breached membranes,
into their nuclei. Using this gate data was collected
only on live cells (Fig. 16).

These gates were not applied when the degree of
lymphocytic infiltrate within the tumours was being
studied as they would have altered the cell proportions
considerably. Leucogate, a combined antibody
preparation which differentially stains lymphocytes,
monocytes and neutrophils, was used to measure the
degree of lymphocytic infiltrate within the tumours and
alsc to assess the effectiveness of the lymphocyte gate
(Fig. 17).

When the MHC antigens were being studied on the tumour
cells the lymphocyte gate was reversed to collect tumour
cell data and exclude the lymphocytes (Fig. 18). This

gate was also checked using the Leucogate preparation.

ANALYSIS

An irrelevant antibody control (goat anti-mouse IgG FITC
and goat anti-mouse IgG PE) was used to set the analysis
gates to exclude non-specific binding (Fig. 19).

The relative proportions of the phenotypic subsets were
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analysed using four quadrant analysis (Fig. 20) while
activation markers were measured by isolating the
phenotype under study, using a PE conjugated antibody,
and performing histogram analysis to identify the
percentage of these cells carrying the FITC conjugated
activation marker (Fig. 21). In both cases, the
analysis gate for positive cells was based on the goat
anti-mouse control for non-specific binding. Several
patterns emerged, with some samples producing one
histogram curve representative of a varied distribution
of the activation marker (Fig. 21) while for other
markers cells fell clearly into negative or positive
populations (Fig. 22). 1In the case of HLA DR
expression on B cells, while all B cells carried this
marker, there appeared to be a cell population with a
tenfold greater expression and this is what was measured

(Fig. 23).

STATISTICAL ANALYSIS

Due to the small number of subjects in the control
group, the Student's t test was used to compare the
peripheral blood and lymph node lymphocytes of these
with those from the patients with breast cancer. This

test was also used to compare the different lymphocyte

66



CD8+ T cells
suppressor/cytotoxic

104 L I II%BP. L l4RR, | |8RR,  |QBRP, A |108&

A

-
D
w

11 lLlllll

-
LY
LV

Fluorescences 2
J. A1 111 llLl

'l lllLl.ll

Fluorascence 1

B cells CD4+ helper T cells

F19. 20 Pnenotypic proportions were analysed using
quadrant statistics, seen here differentiating
between CD4+ T cells, CDB+ T cells and unstained
B cells.



1o B . ajaep, | Jebp,  [S@P | |Rep 6 ji1@0@0
3 TRRR
] [
- o
N 3 i
. ] -
o B kee
€ -
[¢] 2 — g
PRLLR B L
S :
o B =]
3
L
neli
3 . -
P -
.
b S
1p B

Fluorescencea 1

Analysis gate used to isolate
population of interest

P, PPS, KPR, FPR?, , RBPR, , [1@RE

Scale

|

Coumnte Full

1@ 1p! 122 1e¥ 104
Fluorescercse 1

Analysis merker based on non-specific
FITC binding in control seample

Fig. 21 To enalyse the sctivetion marker expression
of a8 phenotypic subgroup, the cells are isolatec
using an analysis gete and the number of cells
bearing the activation marker is based on the
control sample containing irrelevant antibody



le - q Ll 1 lz\lapl 4 ldlgpl lJ%BF’I A l%Bpl ye 11929
3 hooo
3 =
I -
1 =
1£37J)
1@ 33 =
-3 =
N 3
3 "
a 4 -
ps . B2
< ) =
u 22— a
wl@= 3 -
o 3
I8 I x i
a 4 % ca=lE]
2 4 D i
L : . i
101 3 L
3 -
3 rq=]=]
¥ N L
2 i
IQB T T l’]T"Y] T 1 ‘ll'"'l 1_' TIIHII T T TTTT77T
1@ 1! 12° 1@3 124
Fluorescerca 1
P JQIP'? L 489, , BRR , , [BRR , | J1ERE
8 |
a ] |
[ 1 |
o R
o . |
- 7] |
3 -4
2 ] |
] |
o ] |
C -
3 4 J
Q
§ -

1@ 1o! 1@? 13 104

Fluorescence 1

Fig. 22 Dot-plot and histogram appearance of 1gG
bearing B cells. As cells are either positive
or negative for this surface immunoglobulin,
they fall clearly into two distinct groups.



Countse Full Scale

-

a0 PR, MRS, FPR,  BPR,, jlEEe

J._ljllllllllllllll__ll

-1 T7111H] LB IIITTT] 177777'”1 RERERRARLL
-1 10! X3 1@2 104

Fluorascance 1

Analysis of the HLA DR expression on B cells
suggested the presence of two populations
with one expressing higher levels of this
marker. It was this population which was
studied.



sources within the breast cancer patients. When the
expression of surface markers was correlated with the
expression of the MHC complexes or the known prognostic
indicators of tumour stage, histological grade and
oestrogen receptor status, the Spearman Rank correlation
test was applied. This was also applied when
correlation was sought between the surface marker
expression on the PBLs and those from the regional

nodes or primary tumour.

The data tables given in this study include the
descriptive statistics of the mean and the standard
error of the mean for the populations under comparison.
Where comparison is by the Student's t test, the t value
and significance (p value) are given. For the Spearman
rank correlation, the r coefficient and significance are
given and, where a significant correlation is found, the
equation for the gradient of the line is alsc given.
Statistical significance was taken at the 95% confidence

level.
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RESULTS

TUMOUR INFILTRATING LYMPHOCYTES

PHENOTYPIC MARKERS

Four of the tumours contained too few lymphocytes to
aliow the infiltrate even to be phenotyped leaving
twenty seven with a scanty to strong infiltrate.

The lymphocytic infiltrate ranged from less than 1% of
the cells harvested toc 83%, with a mean of 10.5%.
Phenotypic analysis was performed using both the
lymphocyte and live cell gates and phenotypic
proportions are expressed as a percentage of the total
lymphocyte population present within the tumour (Table
2). This analysis showed the tumour infiltrate to
consist largely of T cells with only one tumour
containing a significant number of B cells. This was
also the tumour with the strongest lymphocytic
infiltrate but no trend was seen among the other
tumours.

When the T cells were further subdivided, the CD8+
suppressor/cytotoxic T cells were found to predominate
with the CD4+/CD8+ ratio ranging from 0.2 to 2.1 and

having an average of 0.8.
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CORRELATION OF TIL SURFACE MARKERS WITH FEATURES
oaramerer| DESCRIPTIVEL  OF PRIMARY TUMOUR. (n = 27)

STATISTICS
STAGE GRADE E.R. CLASS | CLASSII

=-0.094 [r=0.102 |r=-0.294(r=-006 |[r=0.012
KTIL 105+298 |F
S p=0.616 |p=0.592 |p=0.115 |p=0.748 |p=0.947

r=-0.155 |r=0.224 r=-0.10 |r 0.416 r=0.085

% 1 712273
Tcells |6 2 p=0.440 |p=0.271 p=0.626 |[p=0.031(c)|p=0.673

r=-0.019 [r=0.051 r=-0.214{r=0.270 r=-0.113

+
BBeells 1152157 1 0023 |p=0806 [p=0.293 |p=0.173 [p=0574

r=-0.210 |r
p=0.292 |p

0.101 r=-0.202|r=0.396 r=0.130

+
BCDAcells  30.3 £.2.33 0.624 [p=0322 |p=0.041(d)|p=0519

r=-0.235 |r=0.390 r=-0.063|r=0.479 r=0.183

+
ECDBcells |141.1 2291 | 5238 |p=0.043(e) [p=0.759 |p=0.012(e) [p=0.360

r=0.125 |r=-0499 |r=-0.125[r=-0.221 |{r=-0.061

+
CD4/CD8 10.86 2013 | 536 |p=0.01(b) [p=0.542 |p=0.269 |p=0.762

ratio

Table 2 Correlation of the phenotypic proportions of the TILs with
features of the primary lesion and stage of disease. There
is some correlation of the CD8+ T cell population with
tumour grade and both T cell subsets correlate with the
expression of the Class | MHC antigen on the tumour cells.

CORRELATION GRADIENTS

(a) y=-2.0909+7.5166x R"2=0.191
(b) y=1.9051-0.4833x  R"2=0.246
(c) y=5.2731+0.3615x  R"2=0.198
(d) y=7.4941+0.4969x  R"2=0.089
(e) y=4.2154+0.6389x  R™2=0.217




Only in seven tumours with a moderate or strong
infiltrate were the helper T cells present in greater
numbers (Fig. 24).

Although it did not achieve statistical significance,
both phenotypes within the T cell infiltrate tended to
diminish in patients with advancing disease stage.

With regard to oestrogen receptor (ER) status there was
an inverse relationship, with oestrogen receptor
negative tumours containing an average lymphocytic
infiltrate which accounted for 15% of the cells while
tumours which were oestrogen receptor positive contained
6% lymphocytes. This trend was seen in all T cell
subsets but again did not achieve statistical
significance.

When the infiltrating phenotypes were correlated with
tumour grade there was found to be a positive
correlation with the degree of infiltration by CD8+
suppressor/cytotoxic T cells (p<0.05) (Fig. 25). This
alteration in the phenotypic constitution of the
infiltrate, caused the CD4+/CD8+ ratio to decrease with
increasing tumour grade (p<0.01) (Fig. 26).

No correlation was found between the proportion of
tumour cells bearing the class II complex and the degree
or phenotypic composition of the lymphocytic infiltrate
but some correlation was found between the tumour cell

expression of the class 1 MHC complex and the presence
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of a lymphocytic infiltrate (p=0.05).

When this tumour marker was correlated with the T cell
subset proportions it was found that, while it did
correlate with the number of CD4+ helper T cells
infiltrating the tumour (p<0.05) (Fig. 27), there was a
stronger correlation with the size of the CDs+
suppressocr /cytotoxic T cell population (p<0.01)

(Fig. 28).

ACTIVATION MARKERS

HLA DR
This marker was found to be was present on 49% of the
CD4+ helper T cells and 57% of the CD8+
suppressor/cytotoxic T cells infiltrating the tumours.
No relationship was found with tumour stage or ER status
but a strong correlation was found with tumour grade
(Table 3). This relationship between grade and the
number of cells expressing HLA DR was seen in both
subsets although it was stronger among CD8+
suppressor/cytotoxic T cells (p=0.003) (Fig. 29a) than
among the CD4+ helper T cells (p=0.03) (Fig. 29Db).

This marker was also found to correlate strongly with
the tumour expression of both the class I and class II

MHC complexes. The number of CD4+ cells bearing HLA DR
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DESCRIPTIVE SEFJRPRRﬁh#\;'é?INTE;BILJLRSUFEFAEE MARKERS WITH FEATURES
PARAMETER| sTATISTICS {n=22)
STAGE | GRADE E.R. CLASS| | CLASSII
RCDB4DR+ 56.9 £3.59 L2001 4% 70 003(a) [po0.787 [pe0.0601 (e)peo 0601 (1)
seoearuafi3n 2130 (0188 [mone prozze oo oot
RCOB+TrRIS6.1 £2.15 k20023 [ o608 [pe0877 [pe075  |pe0 236
RCD4+DR+ 148.6 £3.80 117 00" K70 051 (b) [p-0.963 [p=0.008(¢) [p-0.014(g)
sevartilprs s 3 [0 proon ko rowr
scoanteuns = azs [10202 fogm ooon rooes oz

Table 3 Correlation of the activation marker expression on the
TILs and the features of the primary lesion. There is
strong correlation between the T cell subset expression
of HLA DR and both tumour grade and the tumour cell
expression of the Class | and |l MHC antigens.

CORRELATION GRADIENTS

(8) y=28.617+14.489x
(b) y=22.830+13.106%
(c) y=-23.845+0.637x
(d) y=-11.734+0.497x
(e) y=25.485+0.1657x
(f) y=-27.924+0.735x
(g) y=-3.1072+0.351x
(h) y=25.00+0.1827x

R*2=0.364
R"2=0.251
R°2=0.413
R*2=0.281

R°2=0.203
R°2=0.523

R2=0.133
R"2=0.259
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correlated with the proportion of tumour cells bearing
the class I (p<0.01) (Fig. 30a) and class II antigens
(p<0.02) (Fig. 30b). The correlation of HLA DR
expression on CD8+ T cells with the presence of tumour
histocompatibility antigens was even stronger with
p<0.0001 for both class I and class II complexes (Figs.
3la & 31b).

HLA DR tended to be carried by a greater proportion of
suppressor/cytotoxic CD8+ T cells in tumours with a
strong CD8+ T cell component to their infiltrate
(p<0.01) (Fig. 32) and was present on up to 90% of the

tumour infiltrating CD8+ T cells in some patients.

Interleukin 2 receptor

The Tac antigen was present on 14% of the CD8+
cytotoxic T cells in the infiltrate but was
consistently found on a higher proportion of the CD4+
helper T cells (mean 28%) (p<0.0001) (Fig. 33).

There was no relationship detected between this marker
and tumour stage, grade or ER status but its presence on
the CD4+ helper T cells correlated with the proportion
of tumour cells bearing the class I (p<0.05) and class
IT (p<0.03) MHC complexes (Figs. 34a & 34b).

This marker was also present on a greater proportion of

CD4+ helper T cells as the number of these cells within

the tumour increased (p<0.05) (Fig. 35).
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Transferrin receptor

The transferrin receptor was present on the surface of
39% of the CDB+ suppressor/cytotoxic T cells and 48% of
the CD4+ helper T cells within the tumour. This marker
did not relate to the histological grade, stage of
disease or ER status, nor to the proportion of tumour

cells bearing the class I or class II MHC complexes.

Immunoglobulin G

This was found on an average of 28% of the tumour cells,
with a range from 3% to 81%. The presence of IgG on the
tumour cells was not related to tumocur stage, grade or
ER expression, nor to the proportion of tumour cells
bearing the class II MHC complex but did correlate with
the number of tumour cells carrying the class I antigen

(p<0.03) (Fig. 36).

LYMPH NODE LYMPHOCYTES

PHENOTYPIC MARKERS

The axillary lymph nodes from the breast cancer patients

were found to be large and engorged with an average cell

vield of 4x10° from each half while normal nodes were

small and pale with cell counts of less than 1x107.
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From the results given in Table 4 it can be seen that,
when lymph node lymphocytes (LNLs) from breast cancer
patients were compared with those from normal controls,
there was some alteration in the phenotypic proportions.
In this study no significant differences were found in
the proportion of T or B lymphocytes between the lymph
nodes of patients with breast cancer and those from
normal controls.

However, when the T cell population was further
subdivided, there was found to be a great increase in
the CD4+ helper T cell population in the nodes of cancer
patients, with a mean of 49% as opposed to 33% in the
normal controls (p=0.003) (Fig. 37) and a slight
decrease in the proportion of CDB+ suppressor/cytotoxic
T cells with a mean of 12% in the patients and 17% in
the controls (p=0.01).

While the CD4+/CDB+ ratios for the normal nodes were
within a tight range with a mean of 2, those of the
patients' nodes ranged widely from 1.22 to 16.25 and had
an average of 4.86 (p=0.02) (Fig. 38). This broad
range of CD4+/CDB8+ ratios in the patient group appeared
to be a function of the variation in the size of the
CD4+ helper T cell population from 22% to 69% with less
variation in the size of the CDB+ suppressor/cytotoxic
population.

There appeared to be no relationship between the
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PATIENT LYMPH CONTROL LYMPH STUDENT'S
METER
PARA NODE n = 40 NODE n=7 ! TEST
X T cells S92 * 206 50.7 * 520 t= 1584
p=0.120
% B cells 350 * 201 396 * 565 t =-0866
p=0391
X CD4+ T cells | 490 * 165 33.1 * 405 t =3.200
X CD8+ T cells 122 * 065 169 * 1098 t=-2671
CD4+/CD8+ 49 * 049 20 * 0.15 t =2394
ratio p=0021

Table 4 Comparing the phenotypic proportions of lymph nodes
from patients with breast cancer and normal subjects.
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phenotypic proportions and the stage of the disease.

ACTIVATION MARKERS

HLA DR

As can be seen in Table 5, this surface marker was found
to be on many more LNLs from the lymph nodes of patients
with breast cancer than from the control nodes. This
increase was largely among the T lymphocytes with 49% of
the CD8+ T cells from patients and only 18% of those
from control nodes bearing this marker (p<0.0001) while
38% of the CD4+ T cells from the patients bore this
antigen compared with 12% from the nodes of normal
controls (p<0.0001) (Fig. 39). This marker tended to

be present on more CD8+ than CD4+ T cells (p<0.001).
Virtually all B lymphocytes carry the HLA DR antigen and
there appeared to be no difference in the number of B
cells with high HLA DR expression between the two
groups.

The expression of HLA DR on the CD8+ T cell population
correlated with tumour stage, increasing in patients

with nodal metastases (p=0.02) (Table 6; Fig. 40).
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PATIENT LYMPH CONTROL LYMPH STUDENT'S

PARAMETER NODE n = 40 NODE n=7 ! TEST
CPa+ T cells 486 * 209 | 183 * 225 t=5910
bearing HLA DR p <0.000T
CDB+ T cells 160 £ 107 | 81 * 175 t=20921
bearing Tac ' = 0.005
CDB+ T cells 337 + 201 | 31.3 + 1359 | t=0332
bearing TrfR p=0.742
bearing HLA DR p < 0.0001
D4+ T cells 225 + 107 | 144 * 282 t=2883
bearing Tac p =0.006
Cha+Tcells | 291 + 216 | 220 * 676 t=00989
bearing TrfR p=0.328
B cells with 267 * 209 | 191 * 504 t=1383
high HLA DR p=0173
Tac ' p=0743
TrfR ' p=0.102
B cells bearing | 306 + 251 171+ 251 t=2195
surface 1gG p=0033

Table 5 Comparison of the activation marker expression on
lymphocytes from the lymph nodes of patients with
breast cancer and normal subjects.




PARAMETER CORRELATION WITH TUMOUR STAGE| CORRELATION
LNLs (n = 40) (Spearman Rank correlation) GRADIENT

® T cells r=-0.204 p=02363 NS

% B cells r=0.215 p=0336 NS
 CD4+ T cells [ r=-0.072 p=0.751 NS

® CD8+ T cells | r=-0.274 p=0217 NS
CD4+/CD8+ r=0.085 p=0706 NS
£CDB+ HLA DR+ | r = 0.486 p = 0.022 gf;ig?;;g”wx
XCD8B+ Tac+ r=0.108 p=0634 NS

ZCD8+ TrfR+ r=0.245 p=0272 NS

XECD4+ HLADR+ | r=0.168 p = 0.456 NS

ZCD4+ Tac+ r=0257 p = 0.247 NS

ZCD4+ TrfR+ r=0325 p=0140 NS

XB high HLADR | r=0.148 p=0512 NS

&B Tac+ r=-0330 p=0.144 NS

ZB TriR+ r=0071 p=0754 NS

%B 1gG+ r=-0096  p=0672 NS

Table 6 Correlation of the surface markers borne by lymph node
lymphocytes and tumour stage. The expression of HLA DR
on the lymph node CD8+ T cells increases with the

development of nodal metastases.
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Interleukin 2 receptor

This marker was also found on many more T lymphocytes
from the lymph nodes of breast cancer patients than from
normal subjects, while there was no difference in the
number of B lymphocytes carrying this marker in the two
groups.

When the T cell subsets were studied, it was seen that
this marker increased from being carried on 8% of CD8+ T
cells in the control subjects to 16% of CD8+ T cells in
the patient group (p=0.005) and from 14% of control CD4+
T cells to 23% of CD4+ T cells in the nodes of breast
cancer patients (p=0.006) (Fig. 41). It was again

noted that more CD4+ than CD8+ T cells carried this
marker.

The presence of this receptor on the lymph node T cells
of breast cancer patients did not appear to be affected

by spread of the tumour to the regional nodes.

Transferrin receptor

As can be seen in Table 5, more lymphocytes, of all
phenotypes, bore this marker in the nodes of patients
Wwith breast cancer than in the normal controls but this
did not achieve statistical significance. There was no

relationship with tumour stage.
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Immunoglobulin G

A marked increase in the number of B lymphocytes
carrying surface IgG was found in the breast cancer
patients compared with the controls. The number of 1gG
committed B cells in the lymph nodes of normal subjects
varied within a fairly narrow range from 8% to 24% with
a mean of 17% while in the cancer patients the mean was
higher at 31% with a much wider range from 3% to 70%
(p=0.03) (Fig. 42). The number of B lymphocytes
present in the lymph nodes correlated with the number
bearing surface I1gG (p=0.04) (Fig. 43). No correlation
was found between the number of IgG committed B

lymphocytes and tumour stage.

PERIPHERAL BLOOD

PHENOTYPIC MARKERS

Similar lymphocyte yields were obtained from the blood
samples of breast cancer and normal patients.

T lymphocytes were found to be the major cell type
making up 59% of the cells in the controls and 64% of
the cells in patients. B lymphocytes accounted for 19%
of the circulating lymphocytes in control subjects and

12% in breast cancer patients and this difference was
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statistically significant (p=0.006) (Fig. 44).

Further subdivision of the T lymphocytes into CD4+
helper T cells and CD8+ suppressor/cytotoxic T cells
revealed that, on average, 40% of the T cells in normal
subjects were of the CD4+ phenotype while 24% were of
the CD8+ phenotype with a helper/cytotoxic ratio of 1.7
(Table 7). The number of CD4+ and CD8+ cells in the
control samples also fell within limited ranges of 30%
to 54% and 16% to 30% respectively with a ratio ranging
from 1.07 to 2.44. There was much greater variation
among the cancer patients with the percentage of CD4+
helper T cells ranging from 8% to 70% and the CD8+
suppressor/cytotoxic cells ranging from 6% to 47%. This
gives a CD4+/CD8+ ratio which itself ranges from 0.53 to
5.00 (Fig. 45) although the mean size of each subset

and the average ratio were similar to those of the

controls.

ACTIVATION MARKERS

HLA DR

This activation marker was found on many more T cells in
the breast cancer patients, being present on 36% of CDB+
Suppressor/cytotoxic T cells as compared to only 14% of

normal CDB+ cells (p<0.0001) (Fig. 46a) while for the
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PATIENT BLOOD | CONTROL BLOOD STUDENT'S
PARAMETER N =30 ho 7 ) TEST
& T cells 644 * 233 589 * 488 t =0943
% B cells 122 * 087 194 * 348 t=-2911
p=0.006
X CD4+ T cells 399 * 199 403 * 316 t=-0.079
ZCDB+Tcells | 262 * 152 262 * 152 t =0.544
p = 0.589
CD4+/CD8+ 1.7 * 0.14 1.7 * 0.18 t=0016
ratio p=00988

Table 7 Comparison of the phenotypic proportions in peripheral
blood from breast cancer patients and normal subjects.
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CD4+ helper T cells the proportions were 19% and 8%
respectively (p<0.0001) (Table 8; Fig. 46b).

HLA DR was found, as expected, on virtually all B
lymphocytes. No relationship between the expression of

this marker and disease stage was identified (Table 9).

Interleukin 2 receptor

This surface antigen was also present on greater numbers
of T lymphocytes in the patient samples. 15% of the
patients' CD8B+ T cells bore the Tac antigen while 9% of
the control CD8+ T cells did so (p<0.03) (Fig. 47a) and
while 31% of the patients' CD4+ T cells were positive
only 20% of the control CD4+ cells were so (p=0.006)
(Fig. 47b).

The number of B lymphocytes bearing this marker was
similar in each group with 21% of patients' and 18% of
the control B cells positive for Tac. 1In all samples,
from both normal subjects and breast cancer patients,
the Tac antigen was found on more CD4+ T cells than CD8+
T cells (p<0.0001) (Fig. 48). This marker also did not

appear to be affected by tumour stage.

Transferrin receptor

This marker was carried by slightly more cells, of all
Phenotypes, in the peripheral blood samples of patients

with breast carcinoma than in those from normal subjects
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PARAMETER

PATIENT BLOOD

CONTROL BLOOD

STUDENT'S

n=39 n=7 ! TEST
CDB+ T cells 356 * 1.70 139 *+ 178 | t=2276
bearing HLA DR p < 0.0001
EeDatar:rTgel'ea]::s 151 + 105 | 89 *+ 228 ;zg'_z;‘i
EeD:r“]_nTgCTer'f‘; 379 + 197 | 233 * 1035 ;z é‘ééf
EE:;JQC:L]LSDR 19.1 *+ 107 | 81 * 080 ;jg:g;&
gg:r::gie;ls 305 *+ 147 | 201 * 158 ;Zi‘.‘éﬁz
Egsr::g‘frllfs 350 + 208 | 253 * 1059 ;Z 5135
E].;E‘LSLZV;? 96 *+ 133 | 253 * 7.26 ;Z;i%‘:“
?;:”S bearing | 217 + 181 18.1 * 465 ;Zgﬁgi
?r‘;eRns beering | 491 + 204 | 543 * 1033 ;‘;26_11'1778
gucrfycseblzg””g 177 + 143 | 69 * 161 ;zg;gi

Table 8 Comparing the expression of activation markers on the
peripheral blood lymphocytes of patients with breast
cancer and normal subjects.




PARAMETER CORRELATION WITH TUMOUR STAGE| CORRELATION
PBLs (n = 39) (Spearman Rank correlation) GRADIENT
® T cells r=0312 p=0.157 NS

% B cells r=-0.073 p=0.746 NS

g CD4+ T cells | r=0.239 p=0284 NS

% CD8+ T cells | r=0.160 p=0478 NS
CD4+/CD8+ r=0219 p=0327 NS
ZCDB+ HLADR+ | r=0.033 p=0.884 NS
ECDB+ Tac+ r=-0.146 p=0515 NS
ZCDB+ TrfiR+ r=-0.126 p=0576 NS
XCD4+ HLADR+| r=0.119 p=0606 NS
XCD4+ Tac+ r=-0013 p = 0.953 NS
XCD4+ TrfR+ r=0.146 p=0515 NS

B high HLADR | r=-0.001 p=0.996 NS

XB Tac+ r=0.2329 p=0.146 NS

XB TriR+ r=0.086 p=0702 NS

&B 1gG+ r=-0.020 p=0930 NS

Table 9 Correlation of the surface markers borne by peripheral
blood lymphocytes with disease stage. There is no change
in the activation status of the peripheral blood
lymphocytes with advancing tumour spread.
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but this was not statistically significant.

Immunoglobulin G

There were greater numbers of IgG committed B
lymphocytes circulating in the blood of breast cancer
patients than in normal controls. 1In the breast cancer
patients an average of 18% of B cells bore surface IgG
as compared to only 7% in the control group (p=0.003)

(Fig. 49).
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DISCUSSION

TUMOUR INFILTRATING LYMPHOCYTES

PHENOTYPIC MARKERS

From these results it can be seen that about 85% of the
tumours studied had enough infiltrating lymphocytes to
allow cell phenotyping to be carried out with 60% having
sufficient to also allow the activation markers to be
studied. This is similar to the findings of other
groups 21, 137, In this study, the maximum infiltrate
accounted for slightly more than 80% of the cells
harvested from the tumour and the highest ratio of
lymphocytes to tumour cells was therefore 4:1. This
calls into question the use, in cytotoxicity assays, of
effector/target ratios as high as 50:1.

Like other groups, we found the infiltrate to consist
largely of T lymphocytes. We found CDB8+
Suppressor/cytotoxic T cells to predominate in most
tumours which is in agreement with the previous work by
Giorno 159, Bhan & DesMarais 29, Rowe & Beverly 362

’

Hurlimann & Saraga 204, Lwin et al 26!, Whiteside et al
459, Tanaka et al 410, Bilik et al 30 and Naukkarinen &

SYyrjanen 3¢0, although at odds with the findings of
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other groups such as Whitwell et al 4¢3, Gottlinger et
al 124, Horny & Horst 193, Ben—-Ezra & Sheibani 25,
Underwood et al 435, Zuk & Walker ¢7¢, von Kleist et al
233, An et al 7 and Balch et al 15, who found a
predominance of CD4+ helper T cells. The widely
conflicting phenotypic proportions found within breast
tumours by different groups may reflect the different
methods used. Most groups have used tissue sections
stained with monoclonal antibodies to the phenotypic
markers which were conjugated to either an enzyme or a
fluorochrome. It is therefore possible that sample
variability may have played a part in giving such a
variety of results. This is particularly important in
view of tumour heterogeneity 187. 112, the effect of
which is reduced by processing larger amounts of tumour.
It was however notable that while the CD8+
suppressor/cytotoxic T cells predominated in most
tumours, CD4+ helper T cells were seen in large numbers
in tumours with a strong infiltrate. This pattern has
been noted previously in other studies 192. 300 and it
may therefore be that patient selection is actually
responsible for the conflicting results. 1If only those
tumours with a sizable infiltrate are studied, more are
Séen with a large CD4+ T cell infiltrate whereas if
tumours are selected at random and even those with very

few lymphocytes are characterized the picture alters in
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favour of CD8+ T cell infiltration.

Like others 193, 475, we did not find a strong
relationship between the degree of lymphocytic
infiltrate and tumour stage. Although one group found
an increased infiltrate in tumours which had
metastasized to the axilla 233, our results do not
confirm this.

There appeared to be a slight inverse correlation with
the presence of the oestrogen receptor (ER) on the
tumour cells, the ER negative tumours having greater
lymphocytic infiltration, but this did not achieve
statistical significance. Underwood et al 435 also did
not find a statistically signifiéant correlation between
lack of ER and lymphocytic infiltration but this trend
can be seen in their results and several other groups
have found a similar inverse correlation which did
achieve significance 204, 10z, 7, 300, The failure of
the present study to demonstrate statistical
significance may reflect the need for larger patient
numbers.

This trend would also be in keeping with the finding
that the degree of infiltration by CD8+
Suppressor/cytotoxic T cells correlates strongly with
histological tumour grade, suggesting that a lymphocytic
reaction is more likely in tumours which are poorly

differentiated. This finding suggests that the immune
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system is able to detect tumour antigen on these
undifferentiated and markedly abnormal cells and this is
clearly of importance in the search to identify tumour
antigen. Several other groups have also found some
correlation between lymphocytic infiltration and tumour
grade 475, 40, 30, 300, although they did not study the
effect of tumour grade on T cell subset proportions.
While no correlation with the presence of the class II
antigen was seen, there was a fairly strong correlation
between the degree of lymphocytic infiltrate and the
expression of the class I antigen on the tumour cells.
Again this relationship was most strongly seen with the
infiltration of CD8+ T cells. As the CD8+
suppressor/cytotoxic T cells are known to recognize
target antigens only in association with the class I MHC
complex 165, 104, 208, 184, it 18 likely that antigen
can only be detected and a response mounted when the
class I complex is present. While Bhan & DesMarais :9,
Whitwell et al 4¢3, Zuk & Walker ¢7: and Mdller et al
282 found no correlation between lymphocytic infiltrate
and class I expression, our findings are in keeping with
those of Rowe & Beverley 362, Hurlimann & Saraga 204,
Del Giglio et al 100 and Nakazawa et al 297, who found a
strong correlation in breast tumours and with others,
who found a similar correlation in other malignancies

*t4, 255, The reason for these conflicting results may
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be due to the heterogeneous expression of these antigens
on the tumour cells and the consequent sample variation.
Two groups also found a correlation between the degree
of infiltrate and the expression of the class II MHC
antigen 418, 164 and this has been noted in other
tumours 122 but while we also found a trend in this
direction, it did not achieve statistical significance.
Tumour cell expression of the class II MHC antigen was
found to correlate with the activation status of cells
within the tumour infiltrate rather than with its

phenotypic composition.

ACTIVATION MARKERS

HLA DR

HLA DR is a marker of both T cell activation and antigen
presentation 33% and is found on greatly increased
numbers of peripheral blood CD8+ T cells and renal
tubule cells of patients undergoing host rejection of a
transplanted kidney 121, 184,

A similar distribution is seen in the breast cancer
patients within this study where there is a correlation
between the HLA DR expression on the tumour cells and
the infiltrating lymphocytes.

The association with antigen presentation is also
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supported by our finding that this marker is present on
greater numbers of tumour infiltrating lymphocytes,
particularly CD8+ T cells, with increasing histological
grade and increasing tumour cell expression of the class
I MHC complex suggesting that the immune system is able
to detect antigen on the surface of cells from poorly
differentiated tumours when presented alongside the
class I MHC complex. This marker tends to be expressed
on more CD8+ than CD4+ T cells 340 and is present on a
greater number of CD8+ T cells as the proportion of
these cells within the infiltrate increases. It is
possible that, after recognition of the tumour antigen
combined with the class I MHC cohplex and destruction of
the tumour cell, the CD8+ cytotoxic cells present part
of the antigenic structure of the "foreign" cell within
the groove of their HLA DR complex to signal to other
cells of the immune system.

While several groups have found HLA DR to be carried by
an increased number of T cells infiltrating breast
tumours 261, 25 and other malignancies 188, 186, 407,
°07 there is a great variation in results, with those
methods which involve long preparation times, or fixing
of the cells, showing fewer positive cells. This is
most notable in the study by Whiteside et al ¢¢0 where
collagenase digestion, followed by a long incubation

Period, was used to release the lymphocytes from the
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tumour prior to staining. This group found very few
lymphocytes bearing any activation markers and it is
likely that these were lost during the enzymatic
digestion and incubation period.

As tumour cells also carry this surface antigen,
staining with phenotypic antibodies is vital to ensure
accurate assessment of the number of lymphocytes and
tumour cells bearing this marker. This requires the use
of dual immunofluorescent staining and fluorescent
microscopy or flow cytometry. The relationship of the
TIL expression of this activation marker to other
features of the tumour, such as histological grade, has

not previously been reported.

Interleukin 2 receptor

No great difference was found, in the number of
lymphocytes bearing the IL-2 receptor, between tumours
of differing grade or stage but it was most striking
that consistently more of the CD4+ helper T cells than
CD8+ suppressor/cytotoxic T cells bore this marker.

Some groups have found very few infiltrating lymphocytes
bearing this marker in breast 460, 25 or other tumours
07, 407 but this may be due to the cell preparation as
these groups used long incubation periods during cell

harvesting or staining. They also did not use sodium

azide to avoid capping of the antibody/antigen complexes
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formed by the immunofluorescent antibody and the marker
it stains. Studies performed using fresh cells 188,

186, 108 found a high proportion of IL-2 receptor‘
bearing T cells while Lwin et al 2¢1i, using
immunohistochemistry, found great variation between
tumours. None of these groups looked at the
distribution of cells bearing this receptor within the T
cell subsets.

In this study we found the presence of the IL-2 receptor
on the CD4+ T cells to correlate with both the extent of
infiltration by these cells and the tumour cell
expression of the class I and class II MHC antigens.
This receptor only increases on cells after they have
been stimulated by antigen and so its presence again
suggests that these lymphocytes are recognizing some
tumour antigen alongside the class I MHC complex.

This receptor is a marker of cell division and this
finding indicates increased turnover and possibly
exXxpansion of the CD4+ helper T cell subset. The CD8+ T
cells show little evidence of division and this may be
due to their terminal differentiation into functional
Cytotoxic cells with no further need of replication.

The most notable finding was the consistent presence of
this receptor on almost twice as many CD4+ helper T
cells as CD8+ suppressor/cytotoxic T cells. This may be

due to greater activation of the CD4+ T cells or may
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represent a functional difference between the two T cell
subsets with regard to stimulation by IL-2.

This is of importance as, in TIL therapy., the TILs are
harvested and cultured in IL-2 before being returned to
the patient. The rationale for this therapy is that the
cytotoxic cells, which have already been primed by
tumour antigen, will greatly increase in numbers in the
IL-2 culture and, upon return to the patient, will
destroy metastatic deposits of tumour 354, Two groups,
who phenotyped the TILs from malignant melanoma before
IL-2 expansion, also found the IL-2 receptor to be
present on more of the CD4+ T cells than the CD8+ T
cells 2z58. 12, Although some groups, who phenotyped the
cells after IL-2 culture, found CD8+ T cells to
predomin